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 ABSTRACT 
The goal of image fusion (IF) is to integrate complementary multisensory and multitemporal information into one new image 
containing information, the quality of which cannot be achieved otherwise. The term quality, its meaning and measurement 
depend on the particular application. The fusion techniques are broadly classified as spatial and transform domain methods. 
The spatial fusion techniques are resulted with spatial distortion and noise in the fused image. To overcome that transform 
domain methods such as discrete wavelet transform, contourlet and Curvelet are emerged as active research domain for fusion. 
An extensive overview on image fusion classification and wavelet based fusion techniques are presented in this paper. 
Keywords: - DWT, Image fusion, multimodal, multisensory, spatial fusion  

1. INTRODUCTION 
Image fusion is the process of combining information from multiple images of different modality, focus, view, sensors 
and time into single information. The fused image contains both complementary as well as redundant information from 
source images. The fused image gives a better description than the source images and also it has better quality. A good 
fusion process should include the redundant information but at the same time should not overload the fused image. It 
also should not introduce any artifacts or noise in the image. with rapid advancements in technology, it is now possible 
to obtain information from multi source images to produce a high quality fused image with spatial and spectral 
information [1] Image fusion is a mechanism to improve the quality of information from a set of images. Important 
applications of the fusion of images include medical imaging, microscopic imaging, remote sensing, computer vision, 
intelligent robots and surveillance systems. Image fusion provides an effective way of reducing this increasing volume 
of information while at the same time extracting all the useful information from the source images. Multi-sensor data 
often presents complementary information about the region surveyed, so image fusion provides an effective method to 
enable comparison and analysis of such data. The aim of image fusion, apart from reducing the amount of data, is to 
create new images that are more suitable for the purposes of human/machine perception, and for further image-
processing tasks such as segmentation, object detection or target recognition in applications such as remote sensing and 
medical imaging. For example, visible-band and infrared images may be fused to aid pilots landing aircraft in poor 
visibility. Multi-sensor images often have different geometric representations, which have to be transformed to a 
common representation for fusion. This representation should retain the   best resolution of either sensor. a prerequisite 
for successful in image fusion is the alignment of multi-sensor images. [2] This paper is persistent to wavelet based 
fusion technique and its merits and demerits for multimodality image fusion. In further sections, image fusion methods 
and categories are explained.   

2. IMAGE FUSION TECHNIQUES  
Image fusion techniques can be generally classified into spatial and transform domain based techniques.  
The spatial domain based techniques commonly used are Intensity Hue Saturation, Principal Component Analysis 
(PCA), arithmetic combinations and Brovey Method. These techniques are simple to use and provide better spatial 
orientation in the fused image Spatial Domain Fusion is one of the simplest methods. It performs directly on the source 
image i.e. which does not need any transformation and decomposition on an original image. This method reduces the 
signal-to-noise ratio of the resultant image for real-time applications with simple averaging itself but they suffer from 
spectral degradation. To overcome the disadvantages of spatial domain based techniques, transform based techniques 
have been proposed. 
In Transform Domain Fusion, a transformation is applied on the registered images to identify the vital details of the 
image. The input image is decomposed into transform coefficients. Then the fusion rule is applied over the transform 
coefficients and fusion decision map is obtained. Inverse transformation is applied over the decision map, yields the 
fused image. This fused image will have all the details of source images and reduces the spatial distortion. The 
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transform domain based techniques can also be called as Multi-Scale Decomposition (MSD) techniques. MSD 
techniques involve transformation of source images into different scales before applying fusion rules. The commonly 
used MSD techniques are pyramid, wavelet, contourlet and Curvelet transforms. This paper is persistent to wavelet 
based fusion techniques and its variations for multimodality image fusion. 2.1 Spatial Domain Fusion This type of 
fusion is directly applied to the input images which decrease the signal-to-noise ratio of the final fused image with the 
simple averaging.  
2.1.1 PCA (Principal Component Analysis)  
Principal component analysis is statistical technique which transforms multivariate data with correlated variables into 
one with uncorrelated variables. These new variables are obtained as liner combination of the original variables.[3] The 
PCA does not have a fixed set of basis vectors like FFT, DCT and wavelet etc. and its basis vectors depend on the data 
set. 
2.1.2 Averaging Method  
Averaging Method working as averaging every corresponding pixel of input images to obtain Resultant fused image:  

F (ݕ ,ݔ) = A (ݕ ,ݔ) + B (ݕ ,ݔ) /2 
In above equation (1), F(x, y) is final fused image, A(x, y) and B(x, y) are two input images.   
2.1.3 IHS (Intensity Hue Saturation) Fusion Method  
IHS explains the popularity of perceptual colour space and overpowers the limitation of commonly used RGB color 
space which does not relate intuitively to the attribute of human colour perception. Intensity means total amount of 
light that reaches the eye. Hue can be defined as the predominant wavelength of a color and saturation can be defined 
as purity of total amount of white light of a color [3].  
2.1.4 Brovey Method  
Brovey method is also known as color normalization transform hence it contains a red-green-blue (RGB) color 
transform method. The Brovey transformation was developed to avoid the drawbacks of the multiplicative method. It is 
the simplest method for combining data from different sensors. This method is used as combination of arithmetic 
operation and also uses spectral bands which are normalized before they are multiplied with the panchromatic image.  
[3]. 
2.2 Transform Domain Fusion  
In, transform domain fusion, the input images are decomposed based on transform coefficients. After that the fusion 
technique is applied and the fusion decision map is obtained. Finally, Inverse transformation applies on that decision 
map which produces fused image.  
2.2.1 DCT (Discrete Cosine Transform)  
In this method, Input images are divided in to non-Overlapping block having size NxN. DCT coefficients are computed 
for each block and fusion rules are applied to obtain fused DCT coefficients. Finally, IDCT applied on the fused 
coefficients to produce the final fused image [9].  
2.2.2 Contourlet Transform Fusion 
Contourlet Transform brings smoothness in a fused image with any two different modalities of Images. This region 
based transformation is implemented in two stages. In the first stage double filter bank scheme is applied for 
transformation and in the next stage decomposition is done with fusion rules. Finally the fused image is retrieved using 
reconstruction procedure. [4]  
2.2.3 Stationary wavelet transform  
Stationary Wavelet Transform (SWT) is similar to Discrete Wavelet Transform (DWT) but the only process of down-
sampling is suppressed that means the SWT is translation-invariant.  
2.2.4 Pyramid Method  
Pyramid method consists of set of low pass or band pass copy of an image. Each copy of an image represents the pattern 
information of a different scale. However, in pyramid method every level is a factor of two smaller as its predecessor, 
and higher level is focus on lower partial frequencies. This pyramid does not contain all information regarding to 
reconstruct the original image [5]. 
The purpose of image fusion is to generate a composite image from multiple inputs. The fused image can provide more 
complete information about the scene than any individual    images. The fusion of multi-source images can also be 
implemented at the following mentioned three levels and the fusion process depends on the specific application. There 
are three main levels of fusion 
1. Pixel level fusion  
2. Feature level fusion  
3. Decision level fusion  
1. Pixel level image fusion: Pixel level fusion is the combination of the raw data from multiple source images into a 
single image. In pixel level fusion the fused pixel is derived from a set of pixels in the various inputs .The main 
advantage of pixel level fusion is that the original measured quantities are directly involved in the fusion process [10]  
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2. Feature level image fusion:    Feature level fusion deals with the fusion of features such as edges or texture while 
decision level fusion corresponds to combining decisions from several experts. In other word, Feature level fusion 
requires the extraction of different features from the source data before features are merged together. [10] 
3. Decision level image fusion: Decision-level fusion involves fusion of sensor information that is preliminary 
determinate by the sensors. Examples of decision level Fusion methods include weighted decision methods, classical 
inference, Bayesian inference, and Dumpster–Shafer method. In decision level fusion the results from multiple 
algorithms are combined together to yield a final fused decision. [10] 

3. CATEGORIES OF IMAGE FUSION 
Image fusion methods are categorized according to the data entering for the fusion and according to the fusion purpose. 
Input images could be from any of the following categories: 
3.1 Multimodal Images: Multimodal fusion of images is applied to images coming from different modalities like 
visible and infrared, CT and NMR, or panchromatic and Multispectral satellite images. The goal of the multimodal 
image fusion system is to decrease the amount of data and to emphasize band-specific information. 
3.2 Multifocal Images: In applications of digital cameras, when a lens focuses on a subject at a certain distance, all 
subjects at that distance are not sharply focused. A possible way to solve this problem is by image fusion, in which one 
can acquire a series of pictures with different focus settings and fuse them to produce a single image with extended 
depth of field. The goal of this type of fusion is to obtain a single all-in focus image. 
3.3 Multi-view Images: In multi-view image fusion, a set of images of the same scene is taken by the same sensor but 
from different viewpoints or several 3D acquisition ions of the same specimen taken from different viewpoints are fused 
to obtain an image with higher resolution. The goal of this type of fusion is to provide complementary information from 
different viewpoints. 
3.4 Multi-Temporal Images: In Multi-temporal image fusion, images taken at different times (seconds to years) in 
order to detect changes between them are fused together to obtain one single image. 

4. DWT BASED IMAGE FUSION  
A popular multiresolution transform is the Discrete Wavelet Transform (DWT) (Mallat, 1998). (1995) first employed 
DWT for image fusion. In recent years, many pixel-level image fusion algorithms using MR transforms are proposed 
and successfully applied for fusion. [9] 
The discrete wavelet transform (DWT) is a powerful tool for multiresolution analysis [9]. In this the input image is 
decomposed into a set of wavelet decomposition levels. In image fusion using discrete wavelet transform, first the DWT 
of each source image are computed. For two source images I1, and I2, DWT based image fusion algorithm can be 
described by (2):  

F= ω-1(φ ω (I
1

), ω (I
2

)) 
Where ω is the DWT, ω -1 the inverse DWT, φ the fusion rules, and F the fused image Wavelets are finite duration 
oscillatory functions with zero average value. They have finite energy. They are suited for analysis of transient signal. 
Discrete Wavelet Transformation (DWT) converts the image from the spatial domain to frequency domain. The image 
is divided by vertical and horizontal lines and represents the first-order of DWT, and the image can be separated with 
four parts those are LL, LH, HL and HH .The wavelet transform decomposes the image into low-high, high-low, high-
high spatial frequency bands at different scales and the low-low band at the coarsest scale which is shown in fig: 1. The 
L-L band contains the average image information whereas the other bands contain directional information due to 
spatial orientation. Higher absolute values of wavelet coefficients in the high bands correspond to salient features such 
as edges or lines. 

 
                                                                Figure. 3 levels of wavelet decomposition 
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Wavelet transforms provide a framework in which an image is decomposed, with each level corresponding to a coarser 
resolution band. The wavelet sharpened images have a very good spectral quality. Fig 2 shows the general fusion model 
using DWT. Wavelet transform is first performed on each source images, and then a fusion decision map is generated 
based on a set of fusion rules. The fused wavelet coefficient map can be constructed from the wavelet coefficients of the 
source images according to the fusion decision map. Finally the fused image is obtained by performing the inverse 
wavelet transform. [12]                 
DWT can be used for merging the lower frequency component of a multi-spectral image and its higher spatial 
resolution images by means of rules. Due to the demand for higher classification accuracy and the need in enhanced 
positioning precision there is always a need to improve the spectral and spatial resolution of remotely sensed imagery. 
In DWT the different parts of the image after decomposition, different fusion rules are adopted. The intensity of the 
high frequency information is merged with the low frequency 

 
Figure.2 Fusion of two images using wavelet transforms  

 
In DWT the different parts of the image after decomposition, dissimilar fusion imperatives are assumed. The intensity 
of the high frequency information is merged with the low frequency information to match the intensity component to 
get the feasible and effective method for image fusion. Since fused images [23] are used to enhance visual information 
for human users, performance assessment of image fusion should be first judged by the users, based on the mission of 
specific applications. In situations where it is hard to take decision about the quality of fused image objective measures 
are calculated. Quantitative measures like PSNR, entropy mean squared error etc should only serve as a useful tool to 
assist human users to make difficult judgments. 
Wavelet based fusion method offers several advantages over pixel based image fusion approach. The main disadvantage 
of pixel based approach is that this method does not give guarantee to have a clear objects from the set of images. This 
is due to variations in focus on the images with different level of gray-scaled intensities. Second problem is concerned 
with the blurriness in the fused image. Means the generated fused image may have blurriness. Because of these reasons 
this method cannot be used where clarity and recognition of an object is primary concern. This method is not having 
good single to noise ratio than images generated by wavelet based approach. These problems of a pixel based approach 
can be resolve with the use of wavelet based approach. Wavelet based approach Provide better signal to noise ratio than 
pixel based approach.  The wavelet makes available directional information. No Blocking consequence happens in 
region where input images are extensively dissimilar.  
4.1 Shift Invariant Discrete Wave Transform  
The traditional DWT fusion encounters a number of shortcomings when fusions of sequences of imagery are being 
considered. They are not shift invariants and consequently the fusion methods using DWT lead to unstable and 
flickering results. For the case of image sequences the fusion process should not be dependent on the location of an 
object in the image and fusion output should be stable and consistent with the original input sequence. To make the 
DWT shift invariant a number of approaches have been suggested [13]. The OCDWT achieves various levels of shift-
invariance by controlling the amount of sub-sampling that is applied at each level of the transform. In this way, specific 
levels of the wavelet decomposition can be made approximately shift-invariant by ensuring that the level below is fully 
sampled (all lower sub-bands can be critically sub-sampled). The efficacy of the OCDWT has been demonstrated in an 
edge detection context and has been shown to be at least as shift-invariant as other WT algorithms with comparable 
computational complexity and redundancy. 

5.CONCLUSION 
In this paper the importance of fusion in multimodality imaging is introduced. This paper has presented a related work 
on the different image fusion techniques, classification and remote sensing application. As per the literature, DWT 
plays a vital role than the other transform domain fusion methods. In this perspective only, discrete wavelet transforms 
is discussed in detail with its procedure and diagrammatic representation. In our future work, these methods will be 
implemented and compared on the basis of quantitative metrics for multimodality imaging for surveillance application.  
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